Two experiments tested 3-and 5-month-old infants' sensitivity to properties of point-light displays of human gait. In Experiment 1, infants were tested for discrimination of point-light displays of a walker and a runner, which, although they differed in many ways, were equivalent with regard to the phasing of limb movements. Results revealed that 3-month-old, but not 5-month-old, infants discriminated these displays. In Experiment 2, the symmetrical phase-patterning of the runner display was perturbed by advancing two of its limbs by 25% of the gait cycle. Both 3-and 5-month-old infants discriminated the walker display from this new phase-shifted runner display. These findings suggest that 3-month-old infants respond to the absolute and relative motions within a single limb, whereas 5-month-old infants respond primarily to the relations between limbs and, in particular, to the bilateral symmetry between the limbs.
Human infants view a world that consists primarily of people and objects nested at multiple scales in a spatial layout. From any viewpoint, the projection of this information is fragmented: Most surfaces are not completely visible, objects and people are partially occluded, and boundaries are rarely delineated completely. Thus, the challenge for infants is to perceptually segment discrete objects while grouping related fragments into unitary objects. An especially effective source of information available to infants for perceptually organizing the visual scene is common fate (Wertheimer, 1923 (Wertheimer, /1938 or, in more contemporary parlance, the common rigid motion of discrete segments or surfaces. Spatially segmented surfaces move together rigidly if, and only if, they are part of the same object. Visible surfaces or segments belonging to different objects do not move together rigidly except by accident. Recent research reveals that by 2 to 4 months of age, infants are sensitive to this property for perceiving the unity of rigidly translating object segments (Johnson & Aslin, 1995; Johnson & Nanez, 1995; Kellman & Spelke, 1983; Kellman, Spelke, & Short, 1986 ).
This perceptual grouping principle is extremely informative because it applies to the motions of all globally rigid objects; nevertheless, not all objects are rigid. Consider, for example, the semirigid, or jointed, motions of a person walking. The left arm and right leg oscillate in antiphase to the right arm and left leg while the trunk and head translate horizontally and undulate vertically. This type of motion information poses a conundrum for the infant. If the visual system implements the rigid motion principle for organizing the moving segments of the person, then each limb is likely to be perceived as a distinct object. Yet these limbs are attached at the joints and thus should be perceived as composing a unitary object. In order for the visual system to resolve this dilemma, it is necessary to implement additional organizing principles.
One likely candidate involves the temporal patterning of the limbs (see Figure 1 ). Recent research suggests that adults use this information to perceptually identify different patterns of movement (Haken, Kelso, Fuchs, & Pandya, 1990) . Also, infants show sensitivity to changes in the temporal patterning of limb movements (Bertenthal & Pinto, 1993a) . In the next section, we review the evidence for hypothesizing that the temporal phase relations of the limbs contribute to the perceptual organization of these differentially moving segments as a unitary object (i.e., a person).
Perception of Biological Motions
A common technique for studying the perception of human movements involves the depiction of these movements with pointlight displays. These displays are created by filming a person in the dark with small lights attached to his or her major joints and head.
(An example of 6 sequential frames from a point-light display is presented in Figure 2 .) It is also possible to synthesize these nested pendular motions, which is the technique that we have used in much of our previous research (see Bertenthal, 1993 , for a review). Johansson (1973) was the first to systematically study the percep-tion of these displays, dubbed "biological motions." He reported that adult observers perceive the human form and identify different actions (e.g., push-ups, jumping jacks) in displays lasting less than 200 ms, which corresponds to about five frames of a film sequence. This finding is impressive because these displays are devoid of all featural information such as clothing, skin, or hair. It thus appears that recognition depends exclusively on the extraction of a unique structure from motion-carried information.
From a mathematical perspective, a transforming two-dimensional image of a biological motion display is ambiguous because its structure is underdetermined. Each of the point-lights follows a complex trajectory that bears little relation to the configuration of a human form. Moreover, these point-lights can be perceptually organized into one or more alternative groupings that appear in the same or different depth planes (Proffitt, Bertenthal, & Roberts, 1984) . In spite of the apparent ambiguity in these displays, adult observers are quite adept at extracting a coherent and unique structure (Bertenthal & Pinto, 1994; Cutting, Moore, & Morrison, 1988; Johansson, 1973) . This finding suggests that one or more processing constraints are implemented in association with these displays.
Current processing models are divided with regard to whether these constraints are based on local or global properties of the displays. A number of these models implicate pairwise rigid connections for explaining perception of structure from biological motions (Hoffman & Flinchbaugh, 1982; Webb & Aggarwal, 1982) . The reason for their success is that moving point-lights that correspond to connected joints, such as the elbow and wrist, are constrained by human anatomy to remain locally rigid; conversely, point-lights corresponding to joints that are not connected, such as the knee and wrist, do not move rigidly relative to each other. By detecting the projection of locally rigid connections and then proceeding in an iterative fashion to connect pairs sharing one point in common, it is possible for observers to recover the correct connectivity pattern of the human form. Although this property has been successfully exploited by participants in some experiments for extracting a unique connectivity pattern (e.g., Proffitt & Bertenthal, 1988; Webb & Aggarwal, 1982) , it is not entirely clear that the detection of local rigidity is necessary for the perception of a unique structure in biological motion displays (Bertenthal & Pinto, 1994; Mather, Radford, & West, 1992) . Moreover, perturbations of local rigidity do not always impair the detection of the human form (Bertenthal, 1993) .
By contrast, perturbations of the global temporal phase relations in a biological motion display significantly and consistently impair performance (Bertenthal & Pinto, 1994) . In essence, these perturbations disrupt the translational or repetitive symmetry of the human form over time (Stewart, 1995) . An illustration of this repetitive symmetry is depicted in Figure 1 . Notice how one pair of diagonally opposite limbs (e.g., the right arm and the left leg) oscillates in phase, while the same is true for the other pair of limbs except that they are phase shifted by 180°relative to the first pair. In other words, the second pair of limbs is half a cycle ahead of the first pair. It is possible to perturb only the temporal phase relations between the limbs or only those within the limbs. A comparison of these two conditions reveals that detection of the human form is disrupted significantly more when the temporal phase relations between the limbs are perturbed (Bertenthal & Pinto, 1993b) . This finding is thus consistent with the hypothesis that adult observers are especially sensitive to the symmetrical patterning of the four limbs (i.e., the global structure) in a biological motion display.
A series of studies testing infants' perception of biological motions suggested that infants, too, are sensitive to the phase relations in point-light displays (see Bertenthal, 1993) . For example, 3-and 5-month-old infants were tested for discrimination of a point-light walker display and a phase-perturbed version of the same display in which the point-lights were temporally phase shifted relative to each other but their projective distances remained invariant. Adult observers often describe such a display as similar to a marionette, because connected limb segments do not always move in the same direction, which causes them to appear nonrigid. Results from this experiment revealed that infants at both ages were sensitive to the perturbation in the phase relations. As such, these results suggest that 3-and 5-month-old infants are indeed sensitive to the temporal patterning in point-light displays of human gait.
This conclusion is intriguing, but it begs the question as to what specific information in the temporal patterning is detected. In the Figure 1 . An illustration of the temporal patterning of the limbs during the gait cycle. As a person locomotes, each limb oscillates, generating a repetitive pattern (e.g., the right leg swings forward, changes direction, swings backward, and begins again). The position, or phase, of the leg in its cycle is denoted by degrees in a circle, noted at the top of the sequence. Note how one pair of diagonally opposite limbs (e.g., right leg and left arm) oscillate together in the same phase, and the same is true for the other pair of limbs except their phase lags by half a cycle (compare Frames 1 and 5, which are 180°apart). phase-perturbed displays described by Bertenthal (1993) , the between-limb and within-limb point-light motions were both phase shifted relative to those in the canonical display. Recall that adults are more sensitive to between-limb than within-limb phase perturbations, presumably because they detect the dynamic symmetry that emerges from the oscillation of the limbs. The central question addressed by the current experiments is whether 3-and 5-monthold infants are also sensitive to the dynamic symmetry emergent in these biological motion displays. We answered this question by testing 3-and 5-month-old infants' discrimination of two pointlight displays, one depicting a person walking and the other depicting the same person running. The between-limb phase relations of this latter display were perturbed in a second experiment, but unlike the displays used by Bertenthal (1993) , these perturbations did not include any phase shifting of point-lights within the same limb (see Figures 3 and 6) .
The reason for selecting these two gait patterns (i.e., running and walking) is that they share the same symmetrical patterning of the limbs even though they differ on many additional dimensions. One difference is the greater speed with which the limbs of a runner move compared to those of a walker. Also, there are differences in the angular velocity and degree of angular displacement observed in the joints of a person running and those of a person walking (see Figure 4 ). These differences are quite salient, making it relatively easy for adults to visually discriminate these two gait modes. Still, these two gait modes share the same symmetrical patterning of the limbs. If infants are biased toward perceiving the symmetrical patterning of the limbs, then they may not discriminate a walking display from a running display even though the two differ on many other dimensions. If, however, infants are equally sensitive to other spatial and temporal properties in point-light walker displays, such as the velocity of the point-lights or the changing spatial configuration of the individual limbs, then it is likely that they will discriminate the two displays.
Two experiments were conducted to test this logic. Experiment 1 tested infants' discrimination of a point-light display depicting a person walking from one depicting a person running. Experiment 2 tested discrimination of the walker display from a display depicting a person running with two phase-shifted limbs. The latter display does not preserve the same symmetrical patterning of the limbs that characterizes canonical human gait. No discrimination of walking from running in Experiment 1 followed by evidence of discrimination of walking from phase-shifted running in Experiment 2 would support the hypothesis that infants are sensitive specifically to the symmetrical patterning of the limbs.
Experiment 1: Point-Light Runner Versus
Point-Light Walker
In previous research, it was possible to synthesize point-light displays of a person walking with a computer algorithm (Bertenthal & Kramer, 1984) modified from one developed by Cutting (1982) . The current experiment required us to present a point-light display of a person running as well as walking. Although it was conceivable for us to develop a new algorithm for synthesizing a point-light display of a person running, the availability of electronic tracking devices made this algorithm unnecessary. In essence, we generated the point-light motions by optoelectronically tracking, with a motion analysis system, the joints of a person walking and running on a motorized treadmill. The time series of data collected from each joint was then used to generate the point-light trajectories.
This approach ensured that the displayed point-light motions faithfully captured the complex movements of a person walking as well as running. Moreover, these displays preserved the highfrequency differences in the point-light trajectories that are eliminated with synthesized displays . Thus, the creation of these point-light displays maximized the differences that are present in the motion vectors. For this reason, the current experiment represented a strong test of infants' sensitivities to the symmetrical patterning of the limbs in biological motion displays. If infants are biased toward perceiving this property in biological motion displays, then they might not discriminate between a pointlight display depicting a person walking and one depicting a person running in spite of the many additional differences between the displays.
The detection of the symmetrical patterning of the limbs necessitates that the point-light display of the human form be perceived as a global unitary structure (or at least as a structure consisting of more than one limb). A recent study by Pinto and Bertenthal (1998) is relevant to the development of this global percept. In this study, a canonical point-light walker display was contrasted with . An example of the differences in the angular displacement and angular velocity of the right knee during walking (solid line) and running (dashed line). Notice that the walker fully extends the knee (minimum angular displacement ϭ 0°) whereas the runner does not (minimum angular displacement ϭ 20°). The walker also moves within a far more restricted range of angular velocities than does the runner.
one in which the torso and the head were spatially shifted relative to the legs such that the point-lights were no longer aligned relative to a vertical axis of symmetry. Despite the fact that the global unity of the display was disrupted in the spatially shifted version, 3-month-old infants did not discriminate it from the canonical display. By contrast, 5-month-old infants did discriminate these two displays, which suggests that they were responding to the global structure. Presumably, 3-month-old infants did not discriminate these two displays because they perceived biological motion displays in a piecemeal or fragmented fashion, whereas 5-monthold infants perceived these displays in a more globally coherent fashion.
Additional evidence supporting this developmental shift derives from studies showing that the discrimination of biological motions is orientation specific by 5 months of age (Bertenthal, 1993; Proffitt & Bertenthal, 1990) . Three-month-old infants discriminate upside-down displays, but 5-month-old infants do not. This finding is important because local differences, such as the individual motion vectors or pairwise rigidity, are identical and equally discriminable in different orientations of a point-light walker display. By contrast, the discrimination of the global structure is orientation specific, presumably because discrimination at the global level is based on differences in the familiarity of the two displays (Bertenthal & Pinto, 1994) . For the present purposes, it is interesting to note that 5-month-old infants should have been able to discriminate the two upside-down displays at a local level, but the evidence suggests that they did not.
For these reasons, we predicted that 3-month-old infants in the current study would discriminate the point-light walker display from the point-light runner display because they would respond primarily to local differences between the two stimulus displays. By contrast, we predicted that 5-month-old infants would not discriminate between the two displays because they would respond primarily to the global relations and, in particular, to the symmetrical patterning of the limbs.
Method
Participants. The final sample consisted of 16 three-month-old (M ϭ 85.12 days; SD ϭ 4.36 days) and 16 five-month-old (M ϭ 146.34 days; SD ϭ 5.18 days) infants (15 boys and 17 girls). An additional 3 threemonth-olds and 4 five-month-olds did not complete testing because of inattention (2) or crying (5). Inattention was defined as looking at the stimulus for no more than 2 s at a time. Infants were recruited from hospital records and birth announcements in the local newspaper. The majority of infants were drawn from White middle-class families.
Stimuli. The point-light displays were created by tracking 12 spherical reflective markers located on the toes, ankles, hips, shoulders, elbows, and wrists of a person walking or running on a treadmill. A motion analysis system (Expert Vision, manufactured by Motion Analysis Corporation, Santa Rosa, CA) was used to decode the three-dimensional coordinates of the markers at a sampling rate of 30 Hz. The three-dimensional coordinates were stored in a PC with a 486 central processing unit (CPU) and were displayed on the computer screen by special-purpose software. Single cycles of the walking and running sequences were selected as the stimuli and displayed in a loop so that point-light motions appeared continuous and identical from cycle to cycle.
These two stimulus displays were presented in the middle of the video monitor and depicted sagittal views of a point-light walker and runner. Individual point-lights subtended a visual angle of 0.15°, and the vertical height of the stimuli was 6.8°. The maximum horizontal extent of the walker was 4.8°, whereas that of the runner was 5.9°. Both stimuli were shown at a rate of 24 frames/s, but the point-light walker display consisted of 59 frames/cycle, and the point-light runner display consisted of 41 frames/cycle. This difference led to faster average velocities for the pointlights depicting the runner than for those depicting the walker. The mean velocity difference between the two displays was 43.85 pixels/s, and the absolute differences for individual point-lights are summarized in Table 1 .
Aside from the differences in velocity, the most noticeable difference between the two displays involved the changes in the joint angles formed at the elbows and knees. A calculation of the minimum and maximum joint angles produced at the elbows and knees revealed that the bending of these joints was significantly greater in the runner than in the walker but that the straightening of these joints was significantly greater in the walker than in the runner. It is possible to illustrate the effect of these differences by plotting the changing joint angle relative to its instantaneous angular velocity for the entire gait cycle. Figure 4 depicts this relationship for the right knee of the walker and runner. These trajectories provide a graphical instantiation of the significant differences present in the point-light motions of the two displays.
A more subtle difference also characterized the displays. Walking and running are both defined by each leg alternating between a swing phase and a support phase, with footfalls evenly distributed in space and time. However, when a person walks, each step cycle includes a double support phase because both legs swing for less than 50% of the gait cycle. By contrast, when a person runs, each step cycle includes a flight phase because both legs swing for more than 50% of the gait cycle (Forrester, Phillips, & Clark, 1993) .
In spite of the preceding differences, the two stimulus displays share the same symmetrical patterning of the limbs when normalized relative to their respective gait cycles. Both the walker and runner displays depict the right arm and the left leg moving synchronously followed one half cycle later by the left arm and the right leg beginning to move in the same direction.
Design. An infant-controlled habituation paradigm with a partial lag design was used for testing infants' discrimination of the two displays (Bertenthal, Haith, & Campos, 1983) . In this procedure, the same familiarization display is presented for a series of trials until criterion is reached. Criterion is defined as total looking time on three consecutive trials that sums to no more than 50% of the total looking time on the first three trials. After criterion is reached, 50% of the infants are presented with the same habituation stimulus for two additional lag trials before they are shown a novel stimulus for two test trials. The other 50% of the infants are shown the novel test stimulus immediately after criterion is reached. Lag trials were included to assess, and if necessary correct for, spontaneous recovery of infants' attention after they reached criterion. Stimulus order (walker or runner as the habituation stimulus) was assigned randomly and was counterbalanced within each age group. Apparatus and procedure. Infants were tested in a small room containing a looking chamber that was used for presenting the stimulus displays and for unobtrusively videotaping the infants' visual behavior. This chamber was arranged so that the infant could sit on the parent's lap and face a half-silvered mirror slanted at a 45°angle normal to the infant's line of sight. A video camera with an infrared sensitive tube was located behind the mirror, and a 19-in. color monitor was located behind a wall of the looking chamber at a right angle to the mirror. This alignment of equipment made it possible to present a reflection of the stimulus display and to videotape the infant's visual behavior simultaneously. The infant's eyes were illuminated by a red-filtered light source located below the looking chamber. This light produced a corneal reflection in the eyes, and its relative location from the center of the pupil was used for judging direction of gaze. The interior of the looking chamber was lined with black felt, and all room lights remained off during the experiment so that shadows and reflections were kept to a minimum. All on-line computations as well as stimulus presentations were controlled by a PC with a 486 CPU.
1
All information about the software for controlling the experiment is presented in Kramer, Bertenthal, and Bai (1986) .
Testing began as soon as the infant appeared awake and alert. Parents were instructed to avoid interacting with their infants and not to look at the stimulus displays during the experiment. At the beginning of each testing session, the computer automatically selected a test condition and then began to display the first stimulus. An observer viewed the infant's visual behavior on a video monitor in an adjacent control room and coded the beginning and end of the trial via the keyboard of the computer. A trial began when the infant was judged to be looking at the stimulus display and ended when the infant looked away for at least 2 s or when 120 s had elapsed. At the conclusion of each trial, the computer stopped displaying the stimulus and the monitor remained dark for approximately 4 s, followed by the reappearance of the stimulus. This procedure was continued until criterion was reached, and then the computer switched to presenting the novel stimulus for two trials. (Consistent with a partial lag design, this switch did not occur until two trials later for 50% of the infants.)
Reliability. The observer present during the experiment scored the looking time of all infants on-line. A second observer scored 13 infants (5 three-month-olds and 8 five-month-olds) from the videotapes of the experiment. All auditory information identifying trial offset was eliminated before these assessments, and there was absolutely no information regarding the stimulus presented on any trial. The correlation coefficient computed between the scores of the two observers was .99. The mean absolute difference between the scores on a single trial was 0.66 s (SD ϭ 0.47).
Results
We first examined infants' total duration of looking during the habituation trials to determine if performance during habituation differed as a function of age or order of stimulus presentation (walker-runner, runner-walker). An analysis of variance (ANOVA) revealed that 3-month-old infants looked longer than 5-month-old infants before reaching criterion, F(1, 28) ϭ 5.17, p ϭ .03 (255.8 s vs. 141.1 s). This decrease in looking time with age is a fairly common finding that reflects accompanying improvements in information-processing skills with age (Bornstein, 1985) . The order of stimulus presentation did not produce a significant effect, nor did any of the interactions. These results thus suggest that there were no initial preferences for either stimulus display at 3 or 5 months of age.
Discrimination of the two stimulus displays was assessed by comparing infants' looking times on the last two presentations of the habituation stimulus with their looking times on the two presentations of the novel stimulus. Before the principal analyses were conducted, we screened the data within each age group for outliers on this discrimination measure. We detected 1 five-monthold infant who exceeded the group mean by more than 2.5 SD. This infant was excluded from further analyses. In order to minimize any bias that this trimming of the data might introduce, we also eliminated the data collected from the lowest scoring infant in this age group. A repeated measures ANOVA compared response recovery to the novel stimulus as a function of age, stimulus order, and lag group (i.e., whether or not the infant's last two presentations of the habituation stimulus consisted of lag trials). The results revealed an overall effect of response recovery, F (1, 22) To better understand this three-way interaction (see Table 2 for means and standard errors), we conducted separate repeated measures ANOVAs for each age group, assessing response recovery as a function of lag group. The analysis for 5-month-old infants revealed no significant main effects or interactions. The analysis for 3-month-olds revealed a main effect of response recovery, F(1, 14) ϭ 10.16, p ϭ .01, that interacted with lag group, F(1, 14) ϭ 4.73, p ϭ .05. This effect was due to the fact that 3-monthold infants who received lag trials showed greater response recovery than did infants who did not receive lag trials. Interestingly enough, this result is opposite to the pattern that would be expected if infants were spontaneously recovering during the lag trials. Infants' looking times on the last two trials of the familiar stimulus did not differ as a function of lag group, t(14) ϭ Ϫ0.95, ns. The difference between the lag groups is primarily attributable to the fact that those infants who received lag trials looked longer at the novel test stimulus than those infants who did not receive lag trials, t(14) ϭ Ϫ2.01, p ϭ .08. One likely reason for these unexpected results is that the sample size for each lag group was fairly small (n ϭ 8). Although we sometimes adjust our data to try to correct for spontaneous regression (see Bertenthal et al., 1983) , the preceding analyses suggested that these adjustment techniques would have been inappropriate for the current study.
The final set of analyses was designed to further explore the Recovery ϫ Age interaction. We conducted separate repeated measures ANOVAs on response recovery for each age group. As predicted, 3-month-old infants recovered to the novel stimulus, F(1, 15) ϭ 7.27, p ϭ .02, whereas 5-month-old infants did not, F(1, 13) ϭ 1.26, ns. See Figure 5 for a graphical depiction of this interaction.
Discussion
These findings accord well with the predictions of this study. It appears that 5-month-old infants are less responsive to the differ-ences between the motions of a person walking and a person running than are their 3-month-old counterparts. We suspect that this developmental pattern is the result of a shift in focus from the local properties of the displays (e.g., the velocities and trajectories of individual or adjacent point-lights) to the global dynamic symmetry of the depicted gait pattern. Both walking and running share the same symmetrical gait pattern and differ only at the level of local relations. As predicted, the older infants were not interested in local differences, and thus they did not show a recovery of visual attention to the novel stimulus.
One caveat regarding this interpretation is that the performance by the 5-month-old infants is based on a null result. Strictly speaking, we did not show that these infants were responsive to the symmetrical patterning of the limbs. Rather, we showed only that they were not as responsive as the younger infants to the other differences present between the two point-light displays. In order to provide more definitive evidence for our interpretation, it is essential to show that 5-month-old infants are indeed sensitive to the symmetrical patterning of the limbs.
Experiment 2: Phase-Shifted Runner Versus Canonical Walker Experiment 2 was designed to address the interpretive limitations of Experiment 1. The stimulus displays used in Experiment 2 were similar to those used in Experiment 1 except that the symmetrical patterning of the limbs in the runner was changed by phase shifting one pair of diagonally opposite limbs by 90°of the gait cycle. This phase shift preserved all of the velocity and intralimb differences between the two displays used in Experiment 1 but added a significant interlimb difference between the two displays. The limbs of the point-light walker were still defined by two phase modes (i.e., limbs changing direction at 0°and 180°o f the gait cycle), whereas the limbs of the phase-shifted runner were now defined by four phase modes (i.e., limbs changing direction at 0°, 90°, 180°, and 270°of the gait cycle). This addition of two new phase modes was attributable to the two phase-shifted limbs (i.e., the right leg and the left arm) changing direction 25% of the gait cycle later than the two canonical limbs. Aside from this difference, the point-light runner from Experiment 1 and this new phase-shifted point-light runner were identical (see Figure 6) .
All of the local differences between the original point-light walker and point-light runner were maintained in the new contrast between the point-light walker and the phase-shifted point-light runner. Thus, 3-month-old infants were expected to perform similarly to their same-aged counterparts in Experiment 1. By contrast, 5-month-old infants were expected to perform differently than their same-aged counterparts in Experiment 1 because we hypothesized that they would respond to the difference in the global patterning of the depicted gaits. We therefore predicted that both 3-and 5-month-old infants would discriminate between the point-light walker and the phase-shifted point-light runner.
Method
Participants. The final sample consisted of 16 three-month-old (M ϭ 86.56 days; SD ϭ 3.63 days) and 16 five-month-old (M ϭ 144.31 days; SD ϭ 5.53 days) infants (17 boys and 15 girls). An additional 11 three-month-olds and 2 five-month-olds did not complete testing because of inattention (3), crying (7), parental interference (1), or equipment failures (2). Infants were recruited from hospital records or birth announcements in the local newspaper. The majority of infants were drawn from White middle-class families. Note. Hab ϭ habituation trials.
Stimuli. The point-light display depicting a person walking was identical to the stimulus used in Experiment 1. The phase-shifted display of the person running was created by advancing the animation sequence of x,y coordinates for the point-lights corresponding to the right arm and the left leg by 10 frames (i.e., 25% of the gait cycle). All other details concerning the stimulus displays were identical to those described in Experiment 1.
Procedure and design. All details concerning the procedure and design were identical to those described in Experiment 1 except that the phaseshifted point-light display was shown instead of the canonical display of a person running.
Reliability. The observer present during the experiment scored the looking time of all infants on-line. A second observer scored all 32 infants from the videotapes of the experiment. The correlation coefficient computed between the scores of the two observers was .99. The mean absolute difference between the scores on a single trial was 0.65 s (SD ϭ 0.53).
Results
The analyses for this study paralleled those from Experiment 1. Total duration of looking on habituation trials was compared as a function of age and order of stimulus presentation. An ANOVA revealed that 3-month-old infants looked longer than 5-month-old infants before reaching criterion, F(1, 28) ϭ 9.98, p ϭ .01 (291.8 s vs. 147.5 s). The order of stimulus presentation did not produce a significant effect, nor did any of the interactions.
Discrimination of the two stimulus displays was again assessed on the basis of whether infants showed a significant increase in looking time between the last two habituation trials and the two novel test trials. Before the principal analyses were conducted, we screened the data within each age group for outliers based on this composite measure. We detected 1 three-month-old infant who exceeded the group mean by more than 2.5 SD. This infant was excluded from further analyses. In order to minimize any bias that this trimming of the data might introduce, we also eliminated the data collected from the lowest scoring infant in this age group. A repeated measures ANOVA compared response recovery to the novel stimulus as a function of age, stimulus order, and lag group. The results revealed an overall effect of response recovery, F(1, 22) ϭ 11.08, p ϭ .01 (see Table 3 for means and standard errors).
None of the other main effects or interactions involving the repeated measure were significant. Once again, no adjustments for spontaneous recovery were made to the data because they seemed unwarranted given the null result for the lag manipulation and the small sample size.
To more directly test our predictions, we conducted separate repeated measures ANOVAs on response recovery for each age group. As predicted, both 3-and 5-month-old infants recovered to the novel stimulus: F(1, 13) ϭ 5.64, p ϭ .03, and F(1, 15) ϭ 5.83, p ϭ .03, respectively. See Figure 7 for a graphical depiction of these effects.
Discussion
These findings suggest that by 5 months of age, infants are sensitive to the symmetrical patterning of limbs in biological motions. As predicted, both 3-and 5-month-old infants discriminated between a point-light display of a person walking and a phase-shifted point-light display of the same person running. It is unlikely, however, that discrimination was based on the same information at both ages. The results from Experiment 1 revealed that 3-month-old infants are sensitive to local differences between moving point-light displays. This sensitivity is sufficient to explain their discrimination performance in Experiment 2 as well. By contrast, 5-month-old infants did not discriminate the two pointlight displays used in Experiment 1, but they did discriminate the two stimulus displays used in Experiment 2. Unlike the stimulus displays used in Experiment 1, the displays in Experiment 2 differed in terms of the symmetrical patterning of the limbs. It thus appears that infants become sensitive to the symmetrical patterning of the limbs in a point-light walker display sometime between 3 and 5 months of age.
General Discussion
These results provide new evidence for a developmental shift between 3 and 5 months of age in the perception of biological motions. Three-month-old infants discriminated the point-light walker from the point-light runner as well as from the phaseshifted point-light runner. By contrast, 5-month-old infants discriminated the point-light walker from the phase-shifted pointlight runner, but they did not discriminate the walker from the runner. In order to place these findings into perspective, it is useful to consider the striking differences between the point-light walker and runner. These displays differ in the speed of the dot motions, in the degree of bending of the elbows and knees, as well as in the more general spatial arrangement of the point-lights during the gait cycle. In spite of these salient differences, the older infants did not discriminate these displays even though they did discriminate more global differences involving the symmetrical patterning of the limbs. This latter finding suggests that the older infants were more sensitive to higher order information, and, in particular, that they were sensitive to the temporal patterning of the limbs.
To avoid any misunderstanding, we should make it clear that we do not wish to imply that 5-month-old infants cannot detect the local differences between the walker and the runner. This would be tantamount to concluding that 5-month-old infants lose perceptual abilities available to 3-month-old infants. Instead, we believe that the older infants develop perceptual skills that bias or constrain them to organize biological motion displays at the level of the human form. If, however, the task were changed to highlight local differences (e.g., if infants were familiarized with a set of biological motions varying in interlimb phase relations and then tested with a new biological motion display moving at the same speed and at a new speed), then the likelihood of older infants discriminating the local differences would increase. We also wish to point out that solely on the basis of the results of these experiments, we cannot rule out the possibility that 3-month-old infants discriminated the walker and the phase-shifted runner on the basis of differences in the global structure. The finding that 3-month-olds were sensitive to local differences in Experiment 1 does not negate the possibility that they were also sensitive to global differences in Experiment 2. Nevertheless, in light of recent evidence, we believe that it is unlikely that 3-monthold infants were sensitive to the global differences in Experiment 2. For example, 5-month-old infants are able to discriminate a translating display of a point-light walker from one in which the point-lights corresponding to the head and torso are laterally displaced (i.e., perturbation of the global structure of the human form), but 3-month-old infants are not (Pinto & Bertenthal, 1998) . Note, however, that current evidence showing 3-month-old infants' insensitivity to the global relations in point-light displays should not be taken to mean that these infants could never show sensitivity to global relations in biological motions. Indeed, a different paradigm in which 3-month-olds are presented with multiple exemplars of dynamic symmetry (e.g., walking, running, skipping) might increase the likelihood of their showing sensitivity to the global relations in biological motions.
In spite of the preceding caveats, these results offer new insights into developmental changes in infants' processing of the temporal patterning and global structure of biological motions. Much of the prior research on the perception of biological motions by both infants and adults focused on the spatial information available in point-light walker displays. Typical manipulations involved perturbing the relative positions or distances between the point-lights to determine whether these perturbations would be discriminated from a canonical point-light walker display or would impair recognition by adults. Overall, the findings from these studies reveal that infants as well as adults are highly sensitive to the spatial arrangement of the moving point-lights within biological motion displays (Bertenthal, Proffitt, & Cutting, 1984; . For example, 3-and 5-month-old infants are able to discriminate a canonical point-light walker display from one in which the spatial arrangement of the point-lights is scrambled (Bertenthal, Proffitt, Kramer, & Spetner, 1987) .
More recently, researchers have begun to investigate the sensitivity of both infants and adults to the temporal patterning in point-light walker displays (Bertenthal, 1993; Bertenthal & Pinto, 1994; Mather et al., 1992; Thornton, Pinto, & Schiffrar, 1998) . For example, 3-and 5-month-old infants discriminate canonical pointlight walker displays from displays in which each point-light is phase shifted over time. Also, adults show significantly poorer detection of a phase-shifted, as opposed to a canonical, point-light walker target when it is embedded in an array of moving masking elements. In these studies, the canonical and phase-shifted displays shared the same point-light trajectories, but the starting location for each point-light was shifted by a random number of animation frames.
The current research extends these findings by showing that 5-month-old infants are sensitive to an even more subtle phase perturbation. In the second experiment, infants were tested for discrimination of a canonical point-light walker display and a point-light runner display in which the point-lights corresponding to the right leg and the left arm were phase shifted by 90°. The effect of this manipulation was to create a display in which one pair of diagonally opposite limbs reversed direction at 90°and 270°of the gait cycle, whereas the other pair of limbs reversed direction at 0°and 180°of the gait cycle. As such, the movements of the four limbs in the canonical walker correspond to a twofold or bilateral symmetry, whereas the movements of the four limbs in the phase-shifted runner are more complex and correspond to a fourfold symmetry. The fact that 5-month-old infants discriminated the canonical and the phase-shifted displays suggests that they are sensitive to this difference between two-and fourfold symmetry as defined by the cyclic oscillations of human gait. Why should infants so quickly develop a heightened sensitivity to the global relations in human gait patterns? We conjecture that human infants may be especially sensitive to the emergent bilateral symmetry in the walker and runner for a number of reasons: First, bilateral symmetry is less mathematically complex than higher levels of symmetry and thus should be easier to perceive (Stewart, 1995) .
A second reason is that the perceptual system as a whole may become more integrative throughout the first few months of life (Cohen, 1988) . In the case of moving point-light displays, the existing evidence suggests that 3-month-old infants perceive local groupings of point-lights but that 5-month-old infants perceive the structure of the point-lights over a larger spatial scale (Bertenthal, 1993) . The current findings are consistent with this developmental pattern because 3-month-old infants could have based their discriminations on information embedded within single limbs (e.g., individual point-light velocities or the acuteness of angles formed at the knees or elbows). By contrast, it appears that 5-month-old infants focused on the global dynamic relations between the limbs. The older infants might not yet have organized all four limbs into a coherent percept, but to produce the pattern of responses that they did, they must have at the very least globally organized two limbs (attached to either the hip or the shoulder girdle).
A third reason to consider a privileged role for bilateral symmetry is that it is relevant not only to the perception of human movements but to their production as well. Previous research reveals that infants capable of stepping on a split treadmill are biased to maintain a 180°phase relation between their two legs even when both sides of the treadmill are moving at different speeds (Thelen, Ulrich, & Niles, 1987) . In a longitudinal investigation of this phenomenon, Thelen and Ulrich (1991) reported that infants' performance showed rapid improvement between 3 and 6 months of age. Interestingly enough, this is the same period of development during which infants show increased perceptual sensitivity to biological motions defined by bilateral symmetry, or 0°a nd 180°phase modes. This correspondence in age gives further credence to the suggestion of a complementarity between the perception and production of biological motions (cf. Bertenthal & Pinto, 1993a) . As previously discussed by Bertenthal and Pinto (1993a) , the perception and production of human movements share similar processing constraints relating to the phase relations of the limb movements; thus the development of one skill should facilitate the development of the other skill, and vice versa. Such a possibility is particularly intriguing in light of recent neurophysiological evidence revealing "mirror cells" that discharge during both the production and the perception of actions. For example, neurons located in the rostral portion of the monkey inferior area 6 (area F5) discharge both during the production of hand movements, such as grasping, and during the perception of those same movements (Iacoboni et al., 1999; Rizzolatti et al., 1988) .
A fourth and final possibility is that infants' developing representation of the human form, and/or its associated gait pattern, may already be sufficiently robust by 5 months of age to contribute to the perceptual organization of these biological motion displays. This possibility is supported by evidence showing that 5-monthold infants cannot discriminate between canonical and perturbed versions of less familiar biological motions, such as those depicting a four-legged spider or a cat (Bertenthal, 1993; Pinto, 1994) . The problem for these less familiar displays is that there are no stored representations of these biological objects to further constrain the perceived organization of the moving point-lights into a coherent structure (see Bertenthal, 1993 , for a more elaborated discussion of this issue).
In conclusion, the current experiments offer new insights into developmental changes in infants' processing of the temporal patterning of biological motions. Until 3 months of age, the same perceptual grouping principles (e.g., local rigidity) can account for infants' early perceptions of both globally rigid moving objects and nonrigid biological motions. By 5 months of age, however, the processes supporting perception of these two types of motion appear to have diverged. In particular, the current results provide new evidence that 5-month-old human infants are also sensitive to the temporal properties of biological motion displays. More specifically, 5-month-old infants appear to respond to the global symmetrical phasing of the limbs, rather than to the within-limb temporal properties. This shift toward focusing on global phase relations (rather than local relations) when observing biological motions is consistent with recent neuro-imaging studies with adults that reported evidence that the perception of biological motions and the perception of structure from motion of globally rigid objects are processed in two anatomically dissociable locations in the brain (Grezes et al., 2000; Grossman et al., 2000) . Although this evidence does not necessarily apply to the perception of dynamic phase relations, it would not be surprising if it did given that the symmetrical patterning of pendularlike structures is primarily limited to the category of humans and other terrestrial animals. Future research will be necessary to determine whether infants' perception of dynamic phase relations is limited to the motions of biological kinds.
